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Functional and spatial structure
of the urbotechnozem mesopedobiont community

O.N. Kunah

Oles Honchar Dnipropetrovsk National University,
Dnipropetrovsk, Ukraine

The results of studying the spatial structure of soil mesofauna of an urbanotechnozem by OMI- and RLQ-analysis are presented.
The research was conducted on 5 June 2012 in the Botanic Garden of Oles Gonchar University (previously — territory of the Park
Y. Gagarin, Dnipropetrovsk). The studied plot is situated on the slope of the Krasnopostachekaya balka (48°25'57.43" N, 35°2'16.52" E).
The plot consists of 15 transects directed in a perpendicular manner in relation to the talweg. Each transect is made of seven sample points.
The distance between points is 2 m. The coordinates of the lower left point were taken as (0; 0). The plot consisted of artificial grassland with
a single tree. The vegetation was composed of grassland and steppe, of a mega-mesotrophic, xeromesophilic character. At each point the
mesopedobionts were studied (data presented as L-table); temperature, electrical conductivity and soil penetration resistance, and grass
height were measured (data presented as R-table). The soil-zoological test area was 25 x 25 cm. The mesopedobiont community was
represented by 28 species and with total abundance 70.1 ind./m’. The following groups were dominant in the ecological structure of the soil
animal community; saprohages, pratants, mesotrophocoenomorphs and the endogeic group. The measured edaphic characteristics were
shown to play an important role in structurization of the ecological niche of the mesopedobiont community. The usage of morphological or
physiological features of animals for the assessment of degree of specific distinctions is applicable for homogeneous taxonomic or ecological
groups possessing comparable characteristics which also can be interpreted ecologically. The soil mesofauna is characterized by high
taxonomic and ecological diversity of forms, which are difficult to compare by morphological or physiological criteria. The ecological value
of characteristics in different groups will be not identical, and the basis for their comparison will be inadequate. Therefore we apply to the
description of ecological features an ecomorphic analysis of the soil animals. The organization of communities of soil animals may be
considered at the levels of investigated point,biogeocenosis, landscape and regional level. On the basis of landscape-ecological distribution of
species in ecological space, their distribution in ecological groups — ecomorphs is established. The regular ratio of an ecomorph in these
functional groups will be reflection of their organizational structure and ecological diversity. The obtained data testifies to the justice of this
assumption. It is important to note the fact that the functional groups allocated in ecological space by means of the RLQ-analysis show
regular patterns of spatial variability. Local functional groups are characterized by ecological characteristics in which any ecomorph may
contain species occupying different hierarchical positions. Ascertaining the spatial heterogeneity of the animal community and determinancy
of properties of an ecological niche by soil factors is an important result. However, for understanding of the nature of heterogeneity of the
spatial variant of ecomorphs the analysis with RLQ-analysis application has been processed. Within a comparatively uniform field the spatial
differentiation of the animal community in functional groups has been found. The reality of their existence was not only verified statistically,
but also supplemented by a substantial interpretation of the ecomorphic markers of the interrelations between the groups and indicators of the
ecological properties of the soil they inhabit. The variation of environmental properties within microsites leads to rearrangement of the
ecological frame of the soil animal community. Heterogeneity of a soil body and vegetation mosaic form patterns of the spatial organisation
of the soil animal community.
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@OYHKIIUOHATIBbHAS U IPOCTPAHCTBEHHASI CTPYKTYpa
€000111ecTBA Me301eI00MOHTOB YpPOOTeXHO3eMa

O.H. Kynax

Jnenponemposckuii nayuonanvhviil ynusepcumem umenu Onecs I onuapa, [{nenponemposck, Ykpauna

IpuBeneHs! pe3ysbTaThl U3y9eHHs IPOCTPAHCTBEHHOTO BapbUPOBAHHS SIKOMOP(HHUIECKOH CTPYKTYpPBI ITOUYBEHHOH Me30(ayHbI TeXHO-
3ema Metozamu OMI- u RLQ-anami3a. broreoneHoTnyeckas 00CTaHOBKA B MECTE PACIIOIOKEHHS SKCIIEPUMEHTATIEHOTO MOJIMTOHA HMEeT
JIyTOBO-CTEITHOH Merame30TpO(HbIH KcepoMe30puIbHbIH 00nK. JlaHHbIE I UCCIIeNOBaHMsI COOpaHbI C HMOMOIIBIO PYyYHOH pa3OOpKH
MOYBEHHBIX 00pa3uoB mwionaasio 0,25 x 0,25 M mo peryssipaoit cetke (7 X 15 006pa3sioB) ¢ paccTossHEEM MEXIy TOYKaMu 0TOopa 2 M
(pe3ynbTaThl IpeCTaBIeHb! Kak L-Tabnmma), MpoBeIeHO N3MEPEHNE TEMIIEPATYPhI, EKTPOIPOBOJHOCTH U TBEPIOCTH MOYBBI, MOIIHOCTH
TIOACTUIIKK M BBICOTHI TpaBocTos (R-Tabiuma). [louBeHHas Me30dayHa SKCIEPUMEHTAIBHOTO yJacTKa MpeacTaBieHa 28 BUaaMu ¢ oOImei
IOTHOCTEIO 70,1 9K3./M°. B 9KOJIOrHEecKOi CTPYKTYpe KMUBOTHOTO HACEIICHHS [IOYBbI MPEOONANAIOT MPATAHTHI, ME30TPOGOLICHOMOP(EI,
SHAOTeHHbIe Oecro3BoHOUHBIE, canpodary. Takue smaduaeckne XapaKTEPUCTUKH KaK TBEPAOCTH MOUBBI, SIIEKTPOIPOBOAHOCTh, MOIIHOCT
TIOJICTHIIKH, @ TAKXKe BBICOTA TPABOCTOSI HTPAIOT BXKHYIO POJIb B CTPYKTYPHUPOBAHNH SKOJIOTMYECKOH HUIIIN COOOIIECTBA ME30IIEJOONOHTOB.
Iepssie nBe ocu OMI-anamm3a ormcsiBatoT 71,5% MHEpPIMH, 9TO BIIOJIHE JOCTATOYHO JUIS TOTO, YTOOBI OrmvcaHue JuddepeHimayy SKo-
JIOTHYECKHMX HUII Me30(hayHbl HAa N3y4aeMOM IIOJIMTOHE IPOBOAMIIOCH B IIPOCTPAHCTBE NEPBBIX ABYX oceid. J{ist cpeHero 3Ha4eHus: Mapru-
HasibHOCTH coobiecTBa (OMI = 3,32) ypoBeHb 3HaunmocTu coctasisieT P = 0,001, 4To CBUACTENBCTBYET O BAYKHOW POJTM BHIOPAHHBIX ITC-
PEMEHHBIX CPEZIbl TS CTPYKTYPHPOBaHHs COOOILECTBA MOYBEHHOM Me3odayHsl. B pesynsrate RLQ-ananusa u nocieayomnieil KiacTepHoi
HPOLE/LYPbl BBIABJICHBI YETHIPE KIIFOUCBbIC (DYHKIMOHAIBHBIC IPYIIIBI ME30IEJOOMOHTOB U HalizieHa poib dnaduyeckux (GakTopoB B MX

MPOCTPAHCTBEHHOM BapbrpoBaHnH. Kaxknas n3 yHKIMOHATBHBIX IPYIIT HHTEPIPETUPOBAHA B TEPMUHAX SKOMOP(HHIECKOTO HOAXO0/A.

Kniouesvie cnosa: nouseHHast Me3odayHa; SKOIOrHIecKas HUIIA; TPOCTPAHCTBEHHAS KOJIOTHSI; SKOMOP()BI

Introduction

Evaluation of the properties of habitats is essential for fo-
recasting the impact of disturbances on communities of living
organisms and to identify the properties of the environment
that are important for the protection of biodiversity and main-
tenance of ecosystem functions (Brind'Amour et al., 2011;
Brygadyrenko, 2015). Differences in species composition and
community variability in response to environmental conditions
are a key obstacle to the development of habitat models that
could be applied to different types in various ecosystems (Ol-
den and Jackson, 2002; Faly and Brygadyrenko, 2014). Func-
tional classification of animals into groups whose species are
characterized by common ecological features provides an al-
ternative to the individual model-type of environment and can
bypass these obstacles (McGill et al., 2006; Brind'Amour et
al,, 2011). Groups of species that share common environmen-
tal properties form the operational units that respond to envi-
ronmental factors and are more predictable than individual
species, greatly increasing the predictive ability of the model
habitats compared to models created for high levels of tax-
onomic resolution, such as the species level (Austen et al.,
1994). Combination of species according to their ecological
features is also a method for identifying functional groups of
species in order to assess key ecosystem functions, this being
the most important step for clarifying functional diversity
within and between ecosystems (Brind'Amour et al., 2005;
Mouillot et al., 2006). The hypothesis of habitat filtering sug-
gests that species with similar ecological requirements form a
functional group which occupies similar habitats (Tonn et al.,
1990; Zobel, 1997; Brygadyrenko and Komarov, 2008).
Combining species on grounds such as morphology, or beha-
vior, is one way to simplify the study of a variety in species
communities (Angermeier and Winston, 1998).

The relationship between the species characteristics and
properties of the environment are usually evaluated indirect-
ly using the following two-step analysis. First, the abundance
of species associated with the environmental conditions and
the types of reaction to the changing environment, then the

properties relating to biological or physiological characteris-
tics of the species (Thuiller et al., 2004; Santoul et al., 2005;
Brind'Amour et al., 2011). RQL analysis allows us to corre-
late ecological characteristics of species to environmental
conditions (Doledec et al. 1996). This article examines the
joint structure as presented in three data tables: the R-table
(containing environmental variables), the Q-table (containing
species characteristics) and the L-table (species abundance)
(Doledec et al, 1996; Dray et al, 2002).
The L-table performs a connection function between the tables
R and Q, and measures the intensity of the connection between
them. Before the actual analysis, three separate analyses were
conducted. Correspondence analysis is applied on the L-tables
and gives the optimal correlation structure between the study
sites and the species scores. Ordination of tables R and Q is
performed by principal component analysis. Thus, RQL per-
forms co-inertia analysis on the cross-matrix of R, Q, and L.
This analysis maximizes the covariance between the studied
site’s scores constrained by environmental variables of table R
and the species scores constrained by the traits of table Q
(Minden et al., 2012). The result could be obtained by a com-
bination of the best coordination in their environmental cha-
racteristics, the ordination of species by their attributes (traits),
and the simultaneous ordination of species and sites (Thuiller
et al., 2006). The RQL-analysis combines the three separate
ordination solutions to maximize the covariance between the
traits of species and environmental data via the use of co-
inertia analysis (Bernhardt-Romermann et al., 2008). Next, a
hierarchical cluster analysis of the balance of species in two
axes is made by RQL. The Ward method enables us to extract
the functional groups (Minden et al., 2012). The optimal num-
ber of groups can be determined using Calinski criteria (Ca-
linski and Harabasz, 1974). The clusters show the distribution
of functional groups in the traits-environment space (Minden
etal., 2012).

The soil animal community is a reliable indicator of the
direction of biogeocenotic processes (Gilyarov, 1965). This
is true for artificial soil-like structures — technozems. Disad-
vantages of design of this technozem may be accurately di-
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agnosed by the specifics of the spatial organization of the
mesopedobiont community (Andrusevych et al., 2014).
RLQ-analysis allows us to evaluate the relationship between
the three most important characteristics of the soil ecosys-
tem: edaphic factors, species diversity and ecomorphic struc-
ture (Kunah et al., 2013). The ecomorphs reflect the adapta-
tion of animals to different aspects of the biogeocenotic
environment (Zhukov, 2009). In a particular community the
observed variability of the ecomorphs’ conjunctions makes it
possible to give a multidimensional characterization of its
ecomorphic organization.

Physical soil characteristics describe environmental con-
ditions in the soil (Karpachevsky, 2010). Technozems are an
artificial soil-like structure characterized by a high variability
of properties (Shemavnev et al., 2005; Zadorozhna et al.,
2012; Zhukov and Zadorozhna, 2013, Demidov et al., 2013).
To characterize the spatial heterogeneity of soil as a habitat
for soil animals we selected indicators that meet two re-
quirements (Kunah et al., 2013, 2014; Zhukov et al., 2014).
First of all, it is the environmental relevance that means per-
formance, which is capable of informative display of features
of the soil as a habitat for plants and soil animals. One fur-
ther criterion is important to describe the spatial variability of
the environmental properties of the indicator, the measure-
ment process should be relatively easy to conduct, i.e. within
a short time a significant amount of data may be collected
(Kunakh et al., 2013). Such indicators as soil mechanical
impedance, electrical conductivity and temperature of the
soil can be quite quickly measured with modern tools which
generate a large amount of data, and estimates of the non-
uniformity of soil clearly correlate with the properties of the
soil inhabited by the animal population. This approach has
been shown to be effective in the study of forest biogeoceno-
sis soil mesofauna (Kunah and Baldin, 2011), forest urbano-
zem (Kunah et al., 2013; Pakhomov et al., 2013), the spatial
distribution of mole rats’ mounds (Zhukov et al., 2013), the
role of pedoturbation activity of mole rats in the structuring
of the spatial organization of the herpetobiont spiders com-
munity (Zhukov et al., 2011).

Analysis of species’ ecological niche marginality showed
that a visually homogeneous and relatively small plot of land
is a diverse habitat for soil animals. It was found that the
design features of a tehnozem, which manifest themselves
through the variability of the soil’s mechanical impedance in
horizontal and vertical directions lead to a significant diffe-
rentiation of the soil animal population of this area. The va-
riability of the soil’s mechanical impedance also impacts on
the water regime of the soil, which affects the vegetation area
and is quantitatively reflected in terms of electrical conduc-
tivity and temperature of the soil, as well as the height of the
grass (Pakhomov et al., 2013).

The aim of the investigation is to study the spatial organ-
ization of the ecomorphic aspect of the mesopedobiont
community of a model polygon within an urban area under
intensive recreational load (Botanical Garden of Oles Hon-
char Dnipropetrovsk National University, Dnipropetrovsk).

Material and methods

The study was performed on 13 June 2012 in the Botani-
cal Garden of DNU named after Oles Gonchar (previously —

the territory of the park was named after Yuri Gagarin, Dni-
propetrovsk). The test polygon N 12 is located in the talweg
of a branch of the Krasnopovstancheskaya balka
(48°25'55.24" N, 35°0220.27" E). Spatial placement of the
polygon is presented in the article by Baluk et al. (2014).
The natural talweg and part of the slope is covered with a
mixture of technical construction waste, on which artificial
soil formed. The soil at the study site is urbotechnozem (sod
urbopedozem on technical construction waste mixture, since
the establishment of the soil structure of the upper layer a
chernozem-like mass was formed) (Mirzak, 2001). The soil
of the investigated polygon was referred by Kabar (2003) to
an order of anthropogenic soil, type — technozem, subtype —
black soil technozem, the genus — humous, lithographic se-
ries — heterogeneous, species — with low humus content, with
middle depth of soil layer, variety — median-loamy.

The investigated polygon represents a regular grid with 7 x
15 sample points. The distance between sampling points was
2 m. The size of the plot was 18 x 42 m.

The site is an artificial lawn with isolated planted trees.
Forest plants are represented by Norway maple (Acer plata-
noides L.) and box elder (4. negundo L.). In the sward the
following plants are abundant; orchard grass (Dactylis glo-
merata L.), Volga fescue (Festuca valesiaca Goud. Sl), large
salsify (Tragopogon major Jacq.) and field sow thistle (Son-
chus arvensis L.). The vegetation is meadow-steppe in ap-
pearance (44.4% of the projective cover is represented by the
meadow coenomorph, and 37.0% by the steppe coeno-
morph). Phytoindication assessment allows trophotopes of
the studied polygon to be assessed as a megamesotrophic
(mesotroph projective cover is 59.3%, the other is mega-
troph). The hygrotop generally has a xeromesophilous cha-
racter (xeromesophiles’ projective cover is 33.3%).

At each point soil-zoological samples were taken to col-
lect mesopedobionts (the size category of the soil animals
was equivalent to macrofauna). The soil zoological samples
measured 25 X 25 cm. Results are shown in the L-table. Soil
temperature (layer 0—5 cm), soil electrical conductivity, soil
mechanical impedance, depth of litter layer and height of
grass were measured (presented in the R-table).

Measurements of mechanical impedance of the soil were
carried out in field conditions to a depth of 100 cm at inter-
vals of 5 cm. Mechanical impedance of the soil was recorded
using a cone-penetrometer (Eijkelkamp Agrisearch Equip-
ment, the Netherlands) (Zhukov and Zadorozhnaya, 2016).
The average error of device measurement results is 8%.
Measurements of mechanical impedance of the soil were
made by a cone of cross-section 2 cm? in each cell of range.

Soil electrical conductivity was measured in situ by
HI 76305 (Hanna Instruments, Woonsocket, R.I.). The HI 76305
is an amperometric steel probe that can be inserted directly
into the soil or substrate and is connected to a HI 993310
portable water conductivity and soil salinity meter. The pro-
be measures the total conductivity of the soil, i.e. the com-
bined conductivity of air, water, and soil particles or sub-
strate components (Scoggins and van lersel, 2006).

Soil temperature was measured over 13 to 14 hours with
a digital thermometer WT-1 (PJSC "Steklopribor",
http://bit.steklopribor.com, accuracy is 0.1 °C) at a depth of
57 cm. Depth of the litter layer and grass height were meas-
ured by ruler. Measurements of electrical conductivity, tem-

Visn. Dnipropetr. Univ. Ser. Biol. Ekol. 2016. 24(2)

475



perature, litter layer depth and grass height were made in
triplicate at each test point.

The characteristics of plant ecomorphs are presented ac-
cording Belgard (1950) and Tarasov (2005, 2012), the
Q-table is represented by soil animals ecomorphs (Zhukov,
2006, 2007, 2009; Zhukov et al., 2007). Statistical procedure
RLQ and OMI-analyses were performed using the ade4
package for R (The R Foundation, 2010). The significance of
RLQ was evaluated using the procedure randtest.rlq.
The essence and characteristics of OMI-analysis is discussed
in the work of Pakhomov et al. (2013).

Results and discussion

The characteristic of the taxonomic and ecological diver-
sity of the mesopedobiont community within the studied
polygon is presented in Table 1.

At the study site 28 species of soil animals were found.
The abundance of the mesopedobiont community of the stu-
died polygon was 70.06 + 15.67 ind./m”. Earthworms were a
numerous and diverse group of saprophagous species within
the site and were represented by 4 species. Earthworms made
up 61.6% of the total mesopedobiont community density.
The dominant species was the endogeic Aporrectodea c.
trapezoides. Tts abundance was 31.70 ind./m”. Endogeic
earthworms were also represented by Octolasion lacteum
and Aporrectodea r. rosea, and epigeic species were
represented by Lumbricus rubellus. Earthworm hygromorphs
were represented by hygrophylous and mesophylous species.
The range of the cenomorphs was also very wide. Among
earthworms, stepants, pratants and silvants were represented.
Thus, the earthworm complex of the studied polygon was
abundant and diverse in taxonomic and ecological aspects.

Table 1
Composition and abundance of species composing the mesopedobiont community
Coeno- Abundance,
Family Species Coenc})l- Hygr ?1- tropho- Topol-l TrOphﬁ- Phor(; x+SE,
morph | morp moph morph | morph | morp ind/m’

Aporrectodea caliginosa trapezoides (Duges, 1828) Pr Ms MsTr End SF B4 31.70+3.88

Lumbricidac A. rosea rosea (Savigny, 1826) St Ms MgTr End SF B4 1.68 +£0.62
Lumbricus rubellus Hoffmeister, 1843 Sil Hg MsTr Ep SF B4 7.92+1.36

Octolasion lacteum (Oerley, 1885) Sil Ms MsTr End SF B4 1.83+£0.70

Aranei Aranea spp. St Ms MsTr Ep ZF A3 1.22+0.41
Phalangiidae | Zacheus lupatus (Eichwald, 1830) St Ks MsTr Ep ZF A3 0.30+0.21
Geophilidae | Geophilus proximus C.L.Koch, 1847 Pr Hg MsTr | Anec ZF A2 8.38+1.44
Julidae Megaphyllum rossicum (Timotheew, 1897) Pr Ms MgTr Ep SF A3 0.91+0.36
Polydesmidae |Schizothuranius dmitriewi (Timotheew, 1897) Pr UHg MsTr Ep SF A3 1.83+£0.73
Cantharididae |Cantharis rustica Fallen, 1807 St Ks MsTr Ep ZF A3 0.15+0.15
Bembidion sp. Sil Hg OlgTr Ep ZF Al 0.76 £ 0.32

Carabidae Carabidae sp. (larv.) St Ms OlgTr Ep ZF A3 1.07+£0.49
Harpalus sp. St Ms MsTr Ep FF Al 0.30+£0.22

Cerambicidae |Dorcadion fulvum (Scopoli, 1763) St Ks UMgTr | End FF B4 0.15+0.15
Coccinellidae | Coccinella septempunctata Linnaeus, 1758 Pr Ks MsTr Ep ZF B7 0.15£0.15
Dermestidae | Dermestes laniarius lliger, 1801 St Ks UMgTr | Ep ZF Al 0.15+0.15
Elateridae Elateridae spp. Pal Ms MsTr End FF B5 0.15+0.15
Scarabacidae Melolontha melolontha (Linnaeus, 1758) St Ks MsTr End FF B7 1.37+£045
Rhizotrogus aestivus (Olivier, 1789) St Ms | UMgTr | End FF B7 0.15+0.15

Staphilinidae | Staphylinus caesareus Cederhjelm, 1798 Sil Ms MsTr Ep ZF Al 0.15+0.15
Noctuidae Lepidoptera spp. Sil Ks MsTr End FF B4 1.22+042
Trachelipodidae| Trachelipus rathkii (Brandt, 1833) Pr UHg MsTr Ep SF A3 1.83 £0.65
Enidae Brephulopsis cylindrica (Menke, 1828) St Ks MgTr Ep FF A3 0.15+0.15
Cochlicopidae |Cochlicopa lubrica (Miiller, 1774) Sil Hg MsTr Ep FF Al 0.30+£0.22
Enidae Chondrula tridens (O.F. Muller, 1774) St Ks UMgTr | Ep FF A3 3.20+0.79
Gastrodontidae | Zonitoides nitidus (O.F. Muller, 1774) Pal UHg | UMgTr | Ep FF A3 1.52+0.52
Limacidae Limax sp. Sil Hg OlgTr Ep FF B4 1.52 £0.68

Notes: coenomorphs: St — stepants, Pr — pratants, Pal — pallyudants, Sil — silvants; hygromorphs: Ks — xerophyllous, Ms — meso-
phyllous, Hg — hygrophyllous, UHg — ultrahygrophyllous; coenotrophomophs: MsTr — mesotrophocoenomorphs; MgTr —
megatrophocoenomorphs; UMgTr — ultramegatrophocoenomorphs; topomorphs: End — endogeic, Ep — epigeic, Anec — anecic;
phoromorphs: A — move using the soil porosity; B — active burrowing; 1 — minimal size of animal body is less than soil pore size; 2 —
animal body size commensurate with the soil pore size; 3 — animal body size larger than cavities in the litter or commensurate with
the large gaps or cracks in the soil; 4 — moving with a change in body thickness; 5 — moving without changes of body thickness; 6 —
digging holes with limbs; 7 — C-shaped body shape; trophomorphs: SF — saprophagous; FF — phytophagous; ZF — zoophagous.

In addition to the earthworms, the group of soil sapro-
phages included the millipede Megaphyllum rossicum (0.91 £
0.36 ind./m’), the millipede of the family Polydesmidae —
Schizothuranius dmitriewi (1.83 + 0.30 ind./m?) and the
woodlouse Trachelipus rathkii (1.83 + 0.65 ind./m?).

Predatory centipedes were represented by Geophilus
proximus (8.38 £ 1.44 ind./m?), which moves within the sys-
tem of soil holes and cracks. Predators are also represented
by larvae of ground beetles, adult rove beetles Staphylinus
caesareus, spiders and harvestmen.
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The group of phytophages was diverse and represented by
larvae of noctuid scoop (Noctuidae), beetles (Melolontha me-
lolontha and Rhizotrogus aestivus), ground beetles, the long-
horn beetle (Dorcadion fulvum) and molluscs (5 species).

The coenomorphic structure of the mesopedobiont com-
munity was constructed on the basis of pratants (68.6% in
abundance). The proportions of stepants and silvants was
almost equal (15.9% and 14.3%, respectively) (Fig. 1). Thus,
the coenomorphic structure of the mesopedobiont communi-
ty of the studied polygon can be described as meadow type
with steppe and forest elements.

Among hygromorphs, mesophilous species dominated
(60.0%), with slightly fewer hygrophyllous invertebrates
(20.5%). Both xerophyllous and ultrhygrophyllous species
were uncommon (9.5% and 10.0% respectively). The hy-
gromorphic structure of the community may be assessed as

Pal; 1.1% UHg; 10.0%

St; 14.3%

15.9%

Pr; 68.6%
Ms; 60.0%

Coenomorphs

Ep; 33.0%

Hygromorphs

mesophyllous. The community was dominated by mesotro-
phocoenomorphs (86.5%). In the topomorph structure en-
dogeic and epigeic forms dominate (59.5% and 33.0% re-
spectively). Anecic invertebrates were significantly less
abundant (7.6%). Saprophagous invertebrates were the clear
dominant in the trophic structure (76.5%). The proportion of
zoophages was 11.9%, and that of herbivores was 11.6%.

Phoromorphs were dominated by animals which actively
burrow, moving by changing their body thickness (phoro-
morph B4 — 70.0%) and those which use the existing system
of cavities and whose body size is larger than litter cavities
or commensurate with large gaps or cracks in the soil (pho-
romorph A3 — 18.6%).

Edaphic characteristics can be considered as determi-
nants of the ecological space of the mesopedobiont commu-
nity (Table 2).

OlgTr; 2.7%
UMgTr; 6.8%
\ MgTr; 4.1%

Hg; 20.5%

Ks; 9.5%

MsTr; 86.5%

Coenotrophomorphs

Z 11.9% B4; 70.0%

FF; 11.6% Al; 1.9%

A2;7.6%

A3; 18.6%

SF; 76.5%
End; 59.5% B7; 1.6%
Topomorphs Trophomorphs Phoromorphs
Fig. 1. Ecological structure of the mesopedobiont community: legend see Table 1
Table 2
Determinants of mesopedobiont community in ecological space
Environment parameters Average gog?(iencT 1r_1:e9r;/;1) CV, % RLQ axes 1 RLQ axes 2
Soil mechanical impedance on the depth, MPa
0-5 cm 1.78 1.69 1.87 25.06 —0.53 0.10
5-10 cm 2.38 2.25 2.51 27.82 —0.80 —0.30
10-15 cm 3.05 2.88 3.21 27.66 —0.90 —0.46
15-20 cm 3.81 3.62 4.00 26.26 —0.86 —0.64
20-25 cm 4.24 4.04 445 25.42 —0.87 —0.69
25-30 cm 4.61 4.39 4.84 2491 —0.86 —0.74
30-35cm 4.75 4.50 4.99 26.54 —0.86 —0.75
3540 cm 4.83 4.55 5.10 29.54 —0.84 —0.73
40-45 cm 4.92 4.62 5.22 31.47 —0.83 —0.73
45-50 cm 5.00 4.68 5.32 33.04 —0.82 —0.74
Physical properties, litter depth and grass height

Electrical conductivity, dSm/cm 0.48 0.45 0.51 30.39 0.23 —0.15
Temperature of the soil layer 5-7 cm, °C,

10.06.2012 24.71 24.12 25.29 12.22 0.38 -0.36
Litter depth, cm 1.81 1.07 2.54 210.06 0.18 0.25
Grass height, cm 43.41 40.17 46.65 38.56 0.09 0.54
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In the study polygon, the mechanical impedance of the
soil was characterized by a monotonic increase with increas-
ing depth. The upper soil layer’s mechanical impedance was
on average 1.78 MPa, and the bottom — 5.00 MPa. The aver-
age values of the soil mechanical impedance in the range of
the studied polygon exceeded those critical for the growth of
plant roots (3.0-3.5 MPa) starting from soil layers of 15—
20 cm (Medvedev, 2009). This suggests a high structuring
effect of spatial variability of mechanical impedance of the soil
on the organization of the animal community. The coefficient
of variation of soil mechanical impedance was characterized
by the presence of two local maxima (at a depth of 10-20 and
45-50 cm) and local minima (05 and 30-35 cm).

The electrical conductivity of the soil was on average
0.48 dS/cm and characterized by a coefficient of variation of
30.4%. High concentrations of electrolytes begin to exert a
negative impact on the vegetation with conductivity values
of 1.5-2.0 dS/cm (Smagin et al., 2006). The observed values
of the electrical conductivity were significantly lower than
these values, indicating a lack of inhibitory effect of vegeta-
tion on soil solution, and probably on the animals.

The temperature of the soil layer of 5-7 cm during the
study period was 24.7 °C with the coefficient of variation

was 12.2%. The depth of plant litter within the area was 1.81 cm
with a coefficient of variation of 210.1%. The high value of
the coefficient of variation is due to the fact that in the
13 sample points there was no litter, and the maximum depth
of the litter reached 20-22 cm.

The coefficient of variation for grass height was 38.6%
with an average level of this indicator 43.4 cm.

Joint measurement of edaphic characteristics and features
of the animal community structure allowed us to evaluate the
properties of the ecological niches of the soil macrofauna
(Table 3). The total inertia which can be calculated as a result
of OMlI-analysis is proportional to the average marginality of
species and is a quantitative assessment of the impact of en-
vironmental factors on the separation of the species.
The analysis found that the total inertia is 1.67. The first axis,
resulting from OMI-analysis describes 52.5%, and the
second — 19.0% inertia. The two first axes of the OMI analy-
sis accounted for 71.5% of the marginality. As a sequence,
the subsequent graph uses only these two axes. For average
value of community marginality (OMI = 3.32) the signific-
ance level is P = 0.01, which indicates the importance of the
selected environment variables for the structuring of the soil
macrofauna community.

Table 3
OMI-analysis of the mesopedobiont community
Species Acronym Inertia OMI Tol Rtol p-level

Aporrectodea trapezoides A _trapezoides 12.94 8.70 24.20 67.10 0,02
Aporrectodea rosea A rosea 14.64 31.70 28.70 39.50 0,05
Aranea sp. Aranea 24.73 11.60 13.10 75.30 0,13
Bembidion sp. Bembidion 11.86 30.60 15.00 54.40 0,21
Carabidae sp. Carabidae 18.01 31.40 34.20 34.40 0,05
Chondrula tridens Ch_tridens 14.48 18.60 36.50 44.90 0,04
Geophilus proximus G_proximus 12.92 7.70 14.10 78.20 0,05
Lepidoptera sp. Lepidoptera 12.61 11.70 24.60 63.70 0,38
Limax sp. Limax 849 45.50 24.30 30.30 0,26
Lumbricus rubellus L rubellus 11.60 4.70 8.50 86.80 0,23
Megaphyllum rossicum M _rossicum 9.66 42.00 21.40 36.70 0,16
Melolontha melolontha M melolontha 9.69 10.80 13.70 75.50 0,58
Octolasion lacteum O_lacteum 9.71 42.40 22.90 34.80 0,05
Schizothuranius dmitriewi Sch_dmitriewi 12.93 17.90 41.20 40.80 0,32
Trachelipus rathkii T rathkii 12.94 30.60 31.00 3840 0,05
Zonitoides nitidus Z nitidus 14.02 21.50 13.10 65.40 0,15

Total OMI - 2.88 - - 0.01

Note: OMI — outlying mean index; Tol — the tolerance index, Rtol — residual tolerance index; indices represent the corresponding

percentage of the variability; p-level — Monte Carlo test p-level after 999 permutation.

Marginality, which was significantly different from the ran-
dom alternatives, was typical for 7 species of the 16 which
were subject to OMI-analysis (Table 3). Thus, for a large
number of species the typical edaphic conditions of the stu-
died polygon do not coincide with the centroid of their eco-
logical niche. Marginality of the niches indicates the degree
of difference of optimum conditions for the species from
conditions typical within a given habitat. Tolerance of niche
is the inverse of specialization: the more tolerance, the less
specialization. Residual tolerance indicates the role of ran-
dom neutral factors and measurement errors. Species such as
Zonitoides nitidus, Megaphyllum rossicum, Octolasion lac-
teum are characterized by high marginality and specialization
(low tolerance). Thus, the studied habitat for these species is
very extreme, and within this they occupy a very limited
number of microstations. Species such as Schizothuranius

dmitriewi, Chondrula tridens and Trachelipus rathkii are
tolerant to the conditions within the habitat. Residual toler-
ance is large enough for a number of species (for Lumbricus
rubellus is 86.8%, for Geophilus proximus is 78.2%), which
suggests a significant role in structuring communities of soil
factors of a neutral nature.

Configuration of the ecological niches of mesopedo-
bionts is shown in Figure 2. Analysis of the data shown in
Figure 2 indicates that a key aspect of the structuring of the
ecological niche of soil animals is mechanical impedance in
all soil layers of soil temperature (axis 1). Also, an important
role is played by the electric conductivity of soil and herbage
height (axis 2). The resulting visualization of the ecological
niches of soil animals indicates that almost all niches are
squeezed into the zone of lower soil mechanical impedance
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at all depths. This indicates a significant environmental im-
pact of soil mechanical impedance on mesopedobionts.

RLQ analysis results are shown in Table 2 and Figure 3.
It was found that 91.1% of the total variation (total inertia)
describe the first two RLQ axes (81.5% and 9.6% respective-
ly). Randtest procedure confirmed the importance of RLQ-
analysis of the results on the district level 0.002. RLQ axes
are integral estimates of the relationship between environmen-

tal factors (in our case these are edaphic characteristics, litter
depth and height of the grass), the structure of the community
and its ecomorphic organization. In one metric space we are
able to display the community structure (location of the meso-
pedobiont species), sampling point (spatial component consi-
dering the fact that the coordinates of sampling points were
recorded), the weight factors of the environment and animal
weight ,ecomorphic soil characteristics (Fig. 3).
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Fig. 2. Ecological niches of mesopedobionts:
coordinate axes are axes 1 and 2 obtained after OMI-analysis; origin — zero marginality; the ellipse represents the inertia of the
ecological niche; rays associate centroid of the ecological niche with the meeting sites in the space of community marginality;
in the lower right corner are normalized weights of environmental variables; abbreviation of the name of species — see Table 3

RLQ axes 1 and 2 have been found to be determined by
the variability of the soil mechanical impedance. A feature of
the axis 1 is the synchronous nature of the impact, starting at
a depth of 10-15 cm. For axis 2 is characterized by the
growth of the impact with the depth and the maximum level
of determination of soil mechanical impedance from a depth
of 25-30 cm. An important marker of axis 1 is the tempera-
ture of the soil, and axis 2 is the height of grass.

RLQ-analysis allows us to classify the animals by the na-
ture of their ecological structure and due to environmental
factors. Cluster analysis allowed us to identify four complex-

es of species which form functional groups A, B, C and D
(Fig. 4). The location of these functional groups in the space
of RLQ-axes is shown in Figure 5. All functional groups are
located mainly in the field of positive values of the axis 1,
which corresponds to areas with lower soil mechanical im-
pedance.

Centroids of functional groups A and B are the closest to
the origin, which indicates that the representatives of these
groups occupy the most common sites for the polygon.
The functional group A is represented by the endogeic
earthworms, which due to its capacity for active burrowing is
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less sensitive than other groups to the limiting effect of the
soil mechanical impedance. The ecological characteristics of
this group are that it belongs to the endogeic mesophyllous,
mesotrophocoenomorph, phoromorph B4 categories.

The most extreme position along the RLQ 1 axis is occu-
pied by representatives of functional group D, which consists
of epigeic molluscs. Probably among of the complex factors
that characterize RLQ 1 axis litter depth is the most impor-
tant for positioning of the group D. The ecological markers
of the positive value of axis 1 are the diverse collection of

environmental characteristics of soil animals, some of which
are an opposite in nature. For example, it is a combination of
the ecologically opposite ultrahygrophyllous and xerophyl-
lous or combination of the silvants and stepants. Obviously,
this fact suggests that hygromorphs and coenomorphs are not
important aspects in the creation of the structural units of the
animal community, shown in the axis 1. The variability of
axis 1 is important for topomorphs (close connection with
the litter layer) and trophomorphs (high proportion of herbi-
vores).
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Fig. 3. The results of RLQ analysis: the axis of abscissa is RLQ-1 axis, the axis of ordinate is RLQ-2 axis, A are the weights of
the sampling points (R-matrix) in the space constructed from RLQ-axes; B are the weights of the species in the space constructed
from RLQ-axes (Q-matrix); C is the correlation principal component 1 and 2, based on factor analysis of environment variables
with RLQ-axes; D is the correlation of environment variables with RLQ-axes; E is the correlation of the principal components 1
and 2 obtained by factor analysis of the ecomorphs with RLQ-axes; F is the correlation of the ecomorphs with RLQ-axes; G is a
histogram of the eigenvalues

The ecological specificity of the functional groups B and
C is determined by their opposite positions along the axis 2.
The group B is characterized by the predominance of sapro-
phages, and the group C is characterized by the predomin-
ance of zoophages. The functional group B has been found
to respond positively to the height of the grass and depth of
the litter, but negatively to the soil mechanical impedance.
The soil mechanical impedance can be seen not only as a
factor that restricts the movement of animals in the soil, but
also as an indicator of the ability to move and burrow in the
soil system, if already set up. In this context, it can be consi-
dered that there is a positive relationship between the soil
mechanical impedance and the functional group C.

Spatial distribution of the RLQ-axis values is shown in
Figure 6. The variation RLQ-1 axis linear trend describes
only 7.7% of the variance, while in the regression model,
which acts as a predictor of geographical coordinates, is va-

lid only the y-axis. Linear trend RLQ-axis 2 describes 10.3%
of the variance. Thus, for both axes linear trend is not a key
feature of the spatial organization of the community of soil
macrofauna.

The figures which reflect the spatial variability of the
RLQ axis 1 and axis 2 show typical areas with high and low
values of the axes which have an irregular oval (amoeboid)
form. Analysis of the data presented earlier indicates that
spatial patterns induced by factors connected with RLQ axis
1 are most closely associated with the heterogeneity of soil
conditions within the polygon, as a marker of that axis is the
soil mechanical impedance throughout the soil profile, with-
in which the measurements were taken. Probably related to
this is the great contrast and tortuous nature of the structural
boundaries corresponding to spots of spatial pattern. RLQ
axis 2 is also marked by soil mechanical impedance, but
another important marker is the height of the grass. It can be
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assumed that in the case of RLQ axis 2, the soil mechanical
impedance is no longer a cause of variability of environmental
conditions but this soil property may be considered as a conse-
quence of the spatial organization of plant cover. It is known
that vegetation is a significant modulator of many soil proper-
ties and soil mechanical impedance (Medvedev, 2008). Thus,

we can conclude that the RLQ-1 axis, showing the relationship
of soil conditions and environmental properties with the ani-
mal community, is caused by pedogenic factors. In turn, RLQ-
2 axis reflects the convening role of phytogenic factors , the
effects of which on soil mesopedobionts are also refracted
through the transformation of soil conditions.
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Fig. 4. Cluster analysis of the mesopedobiont community structure
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Discussion

It is possible to apply morphological or physiological

characteristics of animals in order to assess the degree of
species differences applicable to homogeneous taxonomic or
ecological groups with comparable characteristics, which can
also be interpreted ecologically. Soil macrofauna presents a
high degree of the taxonomic and ecological diversity of

forms, which are difficult to compare on the basis of the
morphological or physiological criteria. Ecological saturation
of the characteristics in different groups will not be the same.
The basis for comparison would be uneven. Therefore, to
describe the ecological properties of mesopedobionts we use
ecomorphic analysis of soil animals (Zhukov, 2009).
Pokarzhevskiy et al. (2007) consider community organi-
zation of the soil animals at the levels of investigated point,
biogeocenosis, landscape and regional level. An ecomorph
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may be considered as an ecological group. In order to assess
a species as belonging to a particular ecomorph, the distribu-
tion of the species in ecological space at the landscape level
has to be studied. A different direction of ecomorph selection
at the landscape level conventionally considered to be inde-
pendent and forming the ecological matrix (in multidimen-
sional space) is the multidimensional matrix, or tensor (Zhu-
kov, 2010). At the level of the biogeocoenosis the degree of
the different ecomorphs correlativity is likely to be higher, so
the soil animals will form local, but functionally significant,
groupings. The regular ecomorph ratio in these functional
groups will be a reflection of their organizational structure
and ecological diversity.

Our results indicate that the mechanical impedance of the
soil is an important factor that structures the ecological nich-
es of soil animals. It should be noted that variations in the
soil mechanical impedance influence not only quantitative
changes of the animal community of soil and vegetation
(Zhukov and Zadorozhnaya, 2016), but also qualitative ad-
justments in the structure of the biotic communities. We re-
ceived evidence that quantitative adjustments of the mesope-
dobiont community are accompanied by a transformation of
the functional structure, which leads to the formation of spa-
tially and functionally isolated groups of soil animals.

It is important to note the fact that the functional groups
identified in ecological space by means of RLQ-analysis
demonstrate regular patterns of spatial variability. Local
functional groups are characterized by ecological characteris-
tics, which may by presented in terms of ecomorphs. Func-
tional group A can be described as a complex of endogeic
mesophyllous, mesotrophoceonomorphs, phoromorphs of
the type B4. This group is the least affected of all the estab-
lished groups by high values of soil mechanical impedance
due to the ability of its representatives to burrow actively.
The representatives of the functional group D are characte-
rized by opposite functional properties. Functional group D
is presented by epigeic and phytophagous forms, which de-
termines the sensitivity of this functional group to the litter
depth. The functional groups B and C may be differentiated
on the basis of trophic specialization. Functional group B is
characterized by the predominance of saprophages. Func-
tional group C is characterized by the predominance of zoo-
phages. Functional group B tends to inhabit microstations
with greater litter depth and lower soil mechanical imped-
ance value. Functional group C tends inhabit to microstations
with greater soil mechanical impedance value, which may be
due to the greater safety of the soil system moves in such
conditions.

Conclusions

The community of the urbotechnozem mesopedobionts
was represented by 28 species with density of 70.1 +
15.7 ind./m’. The dominant group of soil animals was earth-
worms, which were represented by 4 species. In the structure
of the community earthworms made up 61.6% of the total
population. Coenomorphic features of the animal community
within the studied polygon can be characterized as a meadow
type with the steppe and forest elements. The community
was dominated by mesophyllous, mesotrophocoenomorph,

endogeic, saprophages, and also animals which actively bur-
row by changing body shape.

The community of urbotechnozem mesopedobionts was
structured within the polygon in spatial and ecological aspects.
The main animal community structuring factor was the me-
chanical impedance of the soil. Quantitative changes in com-
munity abundance as a reaction to variation of mechanical
impedance of the soil in horizon and vertical directions was
accompanied by transformation in the functional structure of
the community. This transformation may be detected in
terms of ecomorphs. Spatial variation of the community’s
functional structure generates regular spatial patterns.
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